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Abstract
The source radii, previously extracted by STAR Collaboration from the p − Λ ⊕ p¯ − Λ¯ and
p¯− Λ⊕ p− Λ¯ correlation functions measured in 10% most central Au+Au collisions at top RHIC
energy
√
sNN = 200 GeV, differ by a factor of 2. The probable reason for this is the neglect of
residual correlation effect in the STAR analysis. In the present paper we analyze baryon correlation
functions within Lednicky´ and Lyuboshitz analytical model, extended to effectively account for
the residual correlation contribution. Different analytical approximations for such a contribution
are considered. We also use the averaged source radii extracted from the hydrokinetic model
(HKM) simulations to fit the experimental data. In contrast to the STAR experimental study, the
calculations in HKM show both pΛ and pΛ¯ radii to be quite close, as expected from theoretical
considerations. Using the effective Gaussian parametrization of residual correlations we obtain
a satisfactory fit to the measured baryon-antibaryon correlation function with the HKM source
radius value 3.28 fm. The baryon-antibaryon spin-averaged strong interaction scattering length is
also extracted from the fit to the experimental correlation function.
PACS numbers: 13.85.Hd, 25.75.Gz
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I. INTRODUCTION
The heavy ion collision experiments provide a good possibility for a study of the baryon-
(anti)baryon strong interactions using the Final State Interaction (FSI) correlation technique
[1–3]. It is based on the analysis of the momentum correlations caused by final state inter-
actions between corresponding baryons produced in the collision. This activity is especially
interesting in view of the ongoing nuclear collision experiments at the LHC, which pro-
duce great numbers of various particles, including exotic multi-strange, charmed and beauty
ones. It allows one to study the fundamental interactions between specific hadron species,
which can hardly be achieved by other means. The extraction of this information makes it
possible to check the correctness of hadron-hadron strong interaction models, constrain cor-
responding interaction potentials, and also improve existing cascade models (like UrQMD)
by including into them the information about still unknown baryon-antibaryon annihilation
cross-sections.
In the paper [4] the experimental pΛ and pΛ¯ correlation functions measured by STAR
at RHIC were fitted with Lednicky´ and Lyuboshitz analytical model [1] allowing, in princi-
ple, to extract scattering lengths characterizing the two-particle strong interaction. However,
apart from the interaction characteristics, the correlation function depends also on the source
spatial structure, described in terms of function S(r∗), representing the time-integrated sep-
aration distribution of particle emission points in the pair rest frame. This fact complicates
the study of the particle interaction, as it increases the number of free parameters which
enter the fit formula.
To simplify this study, one could calculate the corresponding source functions in real-
istic models of the collision process, which are known to describe well the experimental
observables. The hydrokinetic model [5–7] provides successful simultaneous description of a
wide class of bulk observables in the heavy ion collision experiments at RHIC and LHC [8].
Moreover, it reproduces well [9] the pion and kaon source functions for semi-central Au+Au
collisions at the top RHIC energy [10], including the specific non-Gaussian tails observed in
the pair momentum and beam direction projections of the experimental source function. In
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this article we present the results of fitting the experimental data from [4] within the analyti-
cal model [1] where the Gaussian parametrization for the emission source function is utilized,
and the corresponding Gaussian radii are extracted from the HKM model simulations.
II. MODELS DESCRIPTION
The STAR collaboration studied [4] baryon-baryon p−Λ⊕ p¯− Λ¯ and baryon-antibaryon
p− Λ¯⊕ p¯−Λ correlation functions in 10% most central RHIC Au+Au collisions at √sNN =
200 GeV. Protons and antiprotons in transverse momentum range 0.4 < pT < 1.1 GeV/c
with the rapidity |y| < 0.5, and lambdas and antilambdas with 0.3 < pT < 2.0 GeV/c and
|y| < 1.5 were selected for the analysis.
The experimental correlation function is constructed as the ratio of the distribution of
particle momentum in the pair rest frame, k∗, in the same events to the analogous distri-
bution in mixed events. Then the measured correlation function Cmeas is corrected for the
pair purity, defined as the fraction of correctly identified primary particle pairs among all
the selected ones, to give the corrected function Ccorr
Ccorr(k
∗) =
Cmeas(k
∗)− 1
λ(k∗)
+ 1, (1)
where λ(k∗) is the pair purity. The estimated mean pair purity in the experiment is λ =
17.5± 2.5%.
To fit the experimental correlation function the Lednicky´ and Lyuboshitz analytical model
[1] is used, which connects the two-particle correlation function C(k∗) with the particle
emission source size r0 and the s-wave strong interaction scattering amplitudes f
S(k∗) at
a given total pair spin S. In the equal-time approximation, valid on condition |t∗1 − t∗2| ≪
m2,1r
∗2 for sign(t∗1 − t∗2) = ±1 respectively, the correlation function can be calculated as
a square of the wave function ΨS−k∗ , representing the stationary solution of the scattering
problem with the opposite sign of the vector k∗, averaged over the total spin S and the
distribution of the relative distances S(r∗):
C(k∗) =
〈∣∣ΨS−k∗(r∗)∣∣2〉 . (2)
In typical nuclear collisions the source radius can be considered much larger than the range
of the strong interaction potential, so ΨS−k∗ at small k
∗ can be approximated by the s-wave
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solution in the outer region:
ΨS−k∗(r
∗) = e−ik
∗·r∗ +
fS(k∗)
r∗
eik
∗·r∗ . (3)
The effective range approximation for the s-wave scattering amplitude is utilized
fS(k∗) =
(
1
fS0
+
1
2
dS0 k
∗2 − ik∗
)−1
, (4)
where fS0 is the scattering length and d
S
0 is the effective radius for a given total spin S = 1
or S = 0.
The particles are assumed to be emitted unpolarized (i.e. with the polarization P = 0),
so that the fraction of pairs in the singlet state ρ0 = 1/4(1− P 2) = 1/4, and in the triplet
state ρ1 = 1/4(3 + P
2) = 3/4.
The normalized separation distribution (source function) S(r∗) = N−1d3N/d3r∗ is as-
sumed to be Gaussian one
S(r∗) = (2
√
πr0)
−3e
− r
∗2
4r2
0 , (5)
where r0 is considered as the effective radius of the source.
Under such assumptions the correlation function can be calculated analytically [1]:
C(k∗) = 1 +
∑
S
ρS
[
1
2
∣∣∣∣fS(k∗)r0
∣∣∣∣
2(
1− d
S
0
2
√
πr0
)
+
2ℜfS(k∗)√
πr0
F1(2k
∗r0)− ℑf
S(k∗)
r0
F2(2k
∗r0)
]
, (6)
where F1(z) =
∫ z
0
dxex
2−z2/z and F2(z) = (1− e−z2)/z. The term − d
S
0
2
√
pir0
in this expression
corresponds to the correction accounting for a deviation of ΨS−k∗ from the true wave function
inside the range of the strong interaction potential. So, the model has quite a large number
of parameters, being the scattering lengths fS0 and effective radii d
S
0 , which may both be
complex in general case, and the source radius r0. Although in principle all of them can be
determined from the measured data, in each concrete situation the number of free parameters
can be reduced by making certain reasonable assumptions about the values of some of them.
In our study the source radius r0 is extracted from the Gaussian fit to the source func-
tions calculated in hybrid HKM model. The simulation of the full process of evolution of
the system formed in nuclear or particle collision in hybrid HKM consists of two stages. The
first one is hydrodynamical expansion of thermally and chemically equilibrated matter de-
scribed within ideal hydrodynamics approximation with the lattice-QCD inspired equation
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of state [11] (corrected for small but nonzero chemical potentials), which is matched with
the hadron-resonance gas in chemical equilibrium via cross-over type transition. The second
stage consists in gradual system decoupling after loosing chemical and thermal equilibrium.
It can be described either within hydrokinetic approach with switching to UrQMD cas-
cade at some space-like hypersurface situated behind the hadronization one, or with sudden
switch to UrQMD cascade at the hadronization hypersurface. In current study we choose
the second variant of switching to cascade, basing on [8], where the comparison of one-
and two-particle spectra, calculated at both types of matching hydro and cascade stages for
RHIC and LHC energies, showed a fairly small difference between them.
The model provides particle distribution functions d
6N
d3xd3p
at the chosen switching hyper-
surface. Using the Monte-Carlo procedure, one generates particle momenta and coordinates
according to these distributions, which serve as the input for the UrQMD hadronic cascade.
To perform a specific calculation one should specify the initial conditions for the hydro-
dynamics stage attributed to the starting proper time τ0. These conditions are the initial
energy density (or entropy) profile ǫ(r) and the initial rapidity profile (initial flow) y(r). Here
we suppose longitudinal boost-invariance and use ǫ(rT ) corresponding to the MC-Glauber
model calculated with GLISSANDO code [12]. The maximal energy density ǫ0 is chosen to
reproduce the experimental mean charged particle multiplicity, and the initial flow is sup-
posed to be yT = α
rT
R2(φ)
, with α = 0.45 fm for top RHIC energy. Thus, model has only two
free parameters ǫ0 and α. We start the hydrodynamic evolution at τ0 = 0.1 fm/c. Sudden
switch from hydrodynamics to UrQMD is performed at the isotherm T = 165 MeV. The
hadron distribution functions (for each hadron sort i) at the switching hypersurface σsw are
calculated according to the Cooper-Frye formula
p0
d3Ni
pTdpTdφpdy
=
∫
σsw
pµdσµf
eq
i (p · u(x), T (x), µi(x)). (7)
The procedure of filling the histograms for source functions S(r∗) (here r∗ is the particle
spatial separation in the pair rest frame) can be described by the formula
S(r∗(k)) =
∑Nev
n=1
∑
in
1
,in
2
∏3
α=1[δ∆α(r
∗(k)
α − r∗in
1
α + r
∗
in
2
α)/∆α]∑Nev
n=1
∑
in
1
,in
2
1
(8)
Here r∗in
1
and r∗in
2
are the pair rest frame three-coordinates of particles 1 and 2 produced in
the n−th event, r∗(k) is the three-coordinate of the center of the k-th histogram bin, the
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function δ∆(x) = 1 if |x| < ∆/2 and 0 otherwise, and ∆α is the size of the α-projection of
the histogram bin.
III. RESULTS AND DISCUSSION
The pΛ source function projections calculated in HKM together with the corresponding
Gaussian fits are presented in Fig. 1. Here the out-side-long coordinate system is used,
where the out axis is directed along the pair total momentum in longitudinally co-moving
system, the long direction coincides with the beam axis, and the side axis is perpendicular
to the latter two ones.
One can notice that HKM predicts pΛ source function having non-Gaussian tails. The
similar behavior was observed experimentally [10] and reproduced in HKM simulations [9] for
pion source function. In pΛ case these tails appear partially because of the averaging over a
wide pT interval. We also see that in different directions the corresponding Gaussian fits have
different widths (especially the out-projection is much wider than the other ones). These pe-
culiarities of the HKM separation distribution require, in principle, the generalization of the
existing Lednicky-Lyuboshitz formula (6) to the cases of anisotropic non-Gaussian source
functions and heavy tails 1. However, for simplicity and since in the described STAR exper-
iment only one-dimensional correlation function is analyzed with no respect to spatial direc-
tions, in current study we are going to stay within the isotropic Gaussian approximation (6)
and for this aim utilize the angle-averaged r0 value. It can be extracted from the Gaussian fit
to the angle-averaged source function (see Fig. 2) S(r) = 1/(4π)
∫ 2pi
0
∫ pi
0
S(r, θ, φ) sin θdθdφ.
In Figs. 3–6 we present experimental p − Λ ⊕ p¯ − Λ¯ and p¯ − Λ ⊕ p − Λ¯ correlation
functions, measured by STAR collaboration in 10% most central Au+Au collisions at top
RHIC energy
√
sNN = 200 GeV together with the fits performed within Lednicky´ and
Lyuboshitz analytical model.
For baryon-baryon case (Fig. 3) the scattering lengths fS0 and effective radii d
S
0 values
are taken from [13] (f s0 = 2.88 fm, f
t
0 = 1.66 fm, d
s
0 = 2.92 fm, d
t
0 = 3.78 fm). Thus, the
source radius r0 is the only free parameter in the STAR fit [4] (light curve). Fitting gives
rexp0 = 3.09±0.30+0.17−0.25±0.2 fm. In our own fit (dark curve) all the parameters are fixed, and
1 Note, however, that at such a model extension the number of its free parameters will increase significantly,
and utilization of the generalized formula for the reliable description of experimental data will require
putting additional constraints on these parameters.
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FIG. 1. The pΛ source function projections calculated in HKM (markers) and the Gaussian fits
to them (lines). The simulations correspond to 10% most central collisions at
√
sNN = 200 GeV
in conditions of STAR experiment at RHIC [4]. Pair transverse momentum and rapidity cuts
correspond to those in the experiment. The cut k∗ < 50 MeV/c is also applied to select the pairs
from correlation effect domain, where the r∗ − k∗ correlations are small.
rHKM0 = 3.23 fm is determined from a Gaussian fit (5) to calculated in HKM r
∗-distribution
in the pair rest frame for r∗ < 70 fm. One can see that HKM model radius is consistent
with that extracted from the STAR data in [4].
In the baryon-antibaryon case (Fig. 4) to reduce the number of free parameters both sin-
glet and triplet scattering amplitudes are assumed to be equal, f s = f t = f (approximately
corresponding to spin-averaged scattering length f0), and both effective radii are set to zero
ds0 = d
t
0 = 0 in the STAR fit. The scattering length should have a positive imaginary part
ℑf0 > 0 describing the contribution of annihilation channels and leading to a wide dip in
the correlation function at intermediate k∗-values due to the last term in Eq. (6). Thus, the
model has three free parameters ℜf0, ℑf0 and r0 in [4] and two free parameters ℜf0, ℑf0
in our fit. The STAR has obtained pΛ¯ source radius value r0 = 1.50 ± 0.05+0.10−0.12 ± 0.3 fm
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FIG. 2. The pΛ angle-averaged source function calculated in HKM (markers) and the Gaussian fit
to it (line). The simulation conditions are the same as given in caption of Fig. 1
(light curve), which is ∼ 2 times smaller than the pΛ one, although there is no apparent
physical reason for such a difference. Both radii can be expected to have similar values, and
the HKM source radius for the baryon-antibaryon case rHKM0 = 3.28 fm is expectedly close
to the corresponding baryon-baryon one. But at this source radius the fitting curve (dark)
is too narrow to describe the data points.
However, residual correlations were not taken into account in the STAR analysis [4, 14].
Constructing the experimental correlation function one usually supposes that only the pairs
composed of two primary particles are correlated, and the rest of the pairs, which include
secondary or misidentified particles, are supposed to be uncorrelated. However, among such
pairs the so-called residual correlations can exist. They occur if the parent of a particle
from such a pair was correlated with another particle forming the pair. For example, if
Σ+, correlated with some Λ, decays into proton and π0, then this proton will be residually
correlated with the Λ. The interactions in most of such pairs are unknown, so at the
moment there is no possibility to reliably refine the constructed experimental correlation
function from the effect of residual correlations. However, one can try to account for the
residual correlations at least phenomenologically using a simple analytical approximation to
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Λp ⊕ ΛSTAR p
fit from the STAR paper
 = 3.23 fm from HKM0fit with r
FIG. 3. The p−Λ⊕p¯−Λ¯ correlation function measured by STAR (open markers), the corresponding
fit according to (6) with parameters fixed as in the STAR paper [4] within the Lednicky´ and
Lyuboshitz analytical model [1] (light solid line) and our fit within the same model with the source
radius r0 extracted from the HKM calculations (dark dashed line).
the residual correlation function.
Note that the effect of the residual correlations has presumably only a minor influence on
the baryon-baryon pΛ correlation function since in this case there are not so many inelastic
channels open for parent FSI near threshold and if open, they are usually suppressed also
being near threshold. So, ℑf0 for parent pairs (giving negative contribution to residual
correlation function) is expected to be small and the sign of ℜf0 may vary from one parent
pair to another, thus likely reducing the net effect of ℜf0 on residual correlation function.
In contrast to this, in case of p¯Λ correlation function there is a number of annihilation
channels significantly contributing to ℑf0 and leading to a substantial negative contribution
to residual correlation function.
In the case when the measured baryon-antibaryon correlation function is not corrected
for purity, the fitted uncorrected correlation function is expressed through the true one in
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FIG. 4. The same as in Fig. 3 for the p¯− Λ⊕ p− Λ¯ correlation function.
(6) similar to (1):
Cuncorr(k
∗) = λ(k∗)C(k∗) + (1− λ(k∗)), (9)
The pair purity λ(k∗) in our calculations is extracted according to (9) from the plots of
Cuncorr(k
∗) and C(k∗) provided in [16].
The first term in formula (9) corresponds to the pairs of correlated (primary only) parti-
cles, and the second one represents the contribution of the uncorrelated pairs, where one or
both particles are misidentified or secondary ones. Assuming that among the latter there can
be residually correlated pairs, one should modify this expression to account for the residual
correlations as well.
In the recent paper [14], the account for residual correlations is performed by summarizing
all the contributions from different parent pairs to the full correlation function, making,
however, a number of simplifying assumptions. Particularly, the purity k∗-dependence is
neglected in their analysis. As for the scattering parameters f0i and d0i of the parent
systems and the corresponding parent source radii r0i, the effective range parameters d0i are
neglected and f0i and r0i are assumed to be equal to universal baryon-antibaryon values.
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As compared with [14], we propose here the alternative approach avoiding such a detailed
(containing however a number of assumptions) calculation of the residual correlations. In-
stead, we are aiming to describe them by introducing some effective residual correlation
function Cres(k
∗) for a fraction α(k∗) of the pairs of particles supposed earlier in Eq. (9)
uncorrelated. Then,
Cuncorr(k
∗) = 1 + λ(k∗)(C(k∗)− 1) + α(k∗)(Cres(k∗)− 1). (10)
Obviously, Eq. (10) reduces to Eq. (9) if either Cres(k
∗) = 1 or α(k∗) = 0. One may
approximate α(k∗) with a constant (e.g., put α = 0.49, which is the total fraction of the
pairs containing daughter particles as given in table III of [4]) or assume it proportional to
the fraction of non-primary particles: α(k∗) = α˜[1− λ(k∗)], where α˜ is a fit parameter.
Choosing the concrete form of Cres(k
∗) requires some additional analysis. First of all,
one should take into account that due to the phase space suppression of small k∗-values,
the baryon-antibaryon correlations are dominated by the effect of wide annihilation dips in
parent correlation functions related with ℑf0i through the negative last term in Eq. (6).
The parent decays widen these dips and wash out possible structures at small k∗ related
with ℜf0i. Further, the contribution to the Cres(k∗) from a given parent correlation function
recovers the latter for k∗ larger than the parent decay momenta, i.e. for sufficiently large
z = 2k∗r0 [15]. Moreover, following from large-z behavior of the functions F1(z) → (2z)−2
and F2(z) → z−1, the parent correlation functions approach unity from below according to
a universal inverse power law ∝ z−n, where the power n > 2 increases with the number
of terms essentially contributing in the effective range expansion in a given k∗-interval.
Particularly, n = 3 if one may neglect already the effective range parameters d0i (i.e. neglect
the k∗-dependence of the effective range function):
Ci(z)− 1→ −u+ v/(
√
πz)
z[(1 + uz/2)2 + (vz/2)2]
→ z−3, (11)
where u = ℑf0i/r0i, v = ℜf0i/r0i. For practical calculations, one may follow [14] and assume
approximately the same source radii and scattering parameters for all baryon-antibaryon
systems. Then, one can approximate Cres(z) at large enough z by the p¯Λ correlation function
C(z) and approximately account for the washing out effect of parent decays by smoothly
tailing the latter at some value z = zt to a slowly varying function 1−A +Bzc:
Cres(z, z ≤ zt) = 1−A +Bzc,
11
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 = 2.76 fm0r
FIG. 5. Our fit (black line) to the STAR purity uncorrected p¯− Λ⊕ p− Λ¯ correlation function as
presented in [14] (open markers) according to (10), (6), with Cres(k
∗) term in the form (12). In
this particular fitting the source radius r0 is a free parameter. The extracted fit parameter values
are r0 = 2.76 ± 0.13 fm, ℜf0 = 0.59 ± 0.19 fm, ℑf0 = 0.85± 0.14 fm, with χ2/ndf = 1.37.
Cres(z, z > zt) = C(z). (12)
Using the effective expression (12) for Cres and data points from [14], one can reproduce
the results obtained in [14] but in much simpler way. So, assuming α(k∗) = 0.49 and
λ(k∗) = 0.15 as in [14] and fixing zt = 3, c = 1.5 based on the analysis of various contributions
to the residual correlation function including those in Fig. 4 in [14], the fit results are:
r0 = 2.76 ± 0.13 fm, ℜf0 = 0.59 ± 0.19 fm, ℑf0 = 0.85 ± 0.14 fm, with χ2/ndf = 1.37
(see Fig. 5). They agree within the errors with the result from [14]: r0 = 2.83 ± 0.12 fm,
ℜf0 = 0.49 ± 0.21 fm, ℑf0 = 1.00 ± 0.21 fm. The fitted r0 value agrees with the fit result
for pΛ system, however, it is substantially smaller than the HKM prediction of 3.28 fm. As
a result, the fit with the radius fixed at the HKM value leads to unsatisfactory description
of the correlation function.
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Therefore, sticking on the HKM result, one is enforced to apply a more flexible parametri-
zation of Cres, avoiding the assumption of the universal form of baryon-antibaryon correlation
functions at z > zt with a constant effective range function (i. e. with neglected d0 and
higher order expansion parameters). It is worth noting that even if keeping the universality
assumption, the account of additional complex expansion parameters would make the fit
quite unstable and unpractical at given statistical errors. Instead, one can use the effective
Gaussian parametrization with reasonable behavior at small and large k∗-values [17, 18]:
Cres(k
∗) = 1− β˜e−4k∗2R2 , (13)
where β˜ = A > 0 is the annihilation (wide) dip amplitude and R ≪ r0 is the dip inverse
width.
Choosing further the fraction of residually correlated particles as α(k∗) = α˜[1 − λ(k∗)],
one may notice that the parameters α˜ and β˜ enter in (10) only through a product α˜β˜, the
latter can be substituted by a single fit parameter β.
In Fig. 6 we present the result of such a fit of the experimental p¯Λ ⊕ pΛ¯ correlation
function. The fit quality is quite good (χ2/ndf = 0.87) and the fitted parameters are:
ℜf0 = 0.14 ± 0.66 fm, ℑf0 = 1.53 ± 1.31 fm, β = 0.034 ± 0.005 and R = 0.48 ± 0.05 fm.
Unfortunately, due to the decoupling of the form of the residual correlation function from
the scattering parameters, the statistics now apperars to be insufficient for their reliable
determination.
IV. CONCLUSIONS
Study of baryon and antibaryon correlations provides a powerful tool for probing space-
time evolution of heavy ion collisions and for extracting the parameters of strong interaction
between emitted particles.
We reproduced the p−Λ⊕ p¯−Λ¯ and p¯−Λ⊕p−Λ¯ correlation functions, measured in 10%
most central Au+Au collisions by STAR at
√
sNN = 200 GeV, using Lednicky and Lyu-
boshitz analytical formalism with the average source radii extracted from the hydrokinetic
model (HKM). To take into account the residual correlations influencing baryon-antibaryon
femtoscopic effects, a modified analytical approximation has been applied. The values of
the pΛ and pΛ¯ source radii calculated in HKM are similar, in agreement with theoretical
13
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FIG. 6. The purity uncorrected p¯− Λ⊕ p− Λ¯ correlation function measured by STAR [16] (open
markers) and our fit to it according to (10) and (6) (black line), with the Gaussian parametriza-
tion (13) for the residual correlation term Cres(k
∗). The source radius r0 was fixed at a value
extracted from the HKM calculations. The extracted fit parameters are ℜf0 = 0.14 ± 0.66 fm,
ℑf0 = 1.53 ± 1.31 fm, β = 0.034 ± 0.005 and R = 0.48 ± 0.05 fm, with χ2/ndf = 0.87.
expectations, and consistent with experimental result for p − Λ ⊕ p¯ − Λ¯. The significantly
smaller source size obtained by the STAR Collaboration for p¯ − Λ ⊕ p − Λ¯ pairs can be
explained by neglecting residual correlations at the data analysis.
The real and imaginary parts of the spin averaged scattering lenghts have been extracted
for baryon-antibaryon pairs when residual correlations are taken into account. We analyse
the different forms of effective corrections for the residual baryon-antibaryon correlations,
and find that the simple Gaussian form results in the best fit quality.
The hydrokinetic model including a detailed description of particle correlations allows for
a precise study of heavy ion collisions. New high statistics data from RHIC and LHC will
provide measurements of various particle pairs, including baryon-antibaryon ones, allowing
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to investigate the particle interactions in these pairs. A consistent approach for a wide class
of observables will help to understand complex and unknown features of the evolution of
heavy ion collisions.
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